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1. INTRODUCTION

Nwducnbuawmmmemnwhwhasuaedtommﬂweﬁeasofapmumdimnc
ting femoe om the performance of parabuluid antenans.

The computer program is written in FORTRAN lasguage for running on an IBM 3081 computer system at Goddard
Space Fligit Center, Greenbelt, MD.

The physical problem, mathematical formuiation. st coondinate references are described in the general description
section.
ﬁcmmmmmlsmcﬂnofdwmmﬁ*mdﬁudh“wmmdlmwdmthcpro—
gram description section.

mmcmunmem-apuumm-cwhuwsbumnwanontohclpuscm
to execute the present program,

A sampic problem with an appropriate output listing is made avadsble as an illustration of the usage of the program.

Finally, a summary and comprehensive results arc prosesied in the last section.

2. GENERAL DESCRIPTION :

The computer program is written to compute the effects of a ncarby fence on the antenna receiving characteristics.
Specifically, a purpose of this investigation is to find out how the mainlobe and the first sidelobe of the paraboloidal
antenna’s reception psttemn change due to the ficlds diffracted from the edge of a fence. This diffraction ficld could be
described by @ Sommerfeld's half-plane solution if the fence is nat very far from the antenna and the angle from the
antenna center to the both“ends of the feace is large. (For details, sce NASA TM-84996, R.F. Schmidt, ‘A Radio-
Frequency Analysis of Parfboloidal Antenna Located Near Diffracting Fences.’’) In order to estimate the effect of dif-
fracting ficlds on the performance of an antenna, a focal plane reception pattem of the incoming field which includes
an incident planc wave and a diffracted ficld from a fence is noeded. This pattern shows how the mainlobe and
sidelobes are distorted due o the introduction of the diffracting ficld. The pattern of a normally incident plane wave
(without diffracting ficld) 15 well-known by studying the distrotion of the pattem of a Sommerfeld half-plane solution,
which includes an incident planc wave and a diffracting ficld, the effect of the diffracted ficld from a fence oa the per-
formance of an antepnna is estimated.

The focal plane reception pattern are obtained as followed. An apenurc ﬁcld distribution is obtained by calculation
of a Somnerfeld’s balf-plane solution st the aperture region in the antenna reference frame. The Fourier transformation
of tis apenuee Enid disscibution i the Sacel plane secaption petiern. (Details, see appeadix A of this documentation.)

2.1 COORDINATE SYSTEM

Figure 1 illustrates an anertial reference frane (%Y .7). antenng reterence frame (X.y.2)4. and tene Rt
(x.y.2)g. The oricatation of the antenna reference trume relative to the inenial reference frame is represented by
Eulerian angles (a.f,y)s and a translation vector T,. Similarly. the oricntation of the fence reference frame rclauvc 0
the incrtial reference frame is represented by three Eulerian angles (afy)g and a tmnslauon vector Tg.

Using these transfonnations, the desired quantities can be easily transformed among “these three reference frames.
The notation RI™F denotes the Eulerian rotational transformation from inertial reference frame to fence reference frume.
Similarly. the notation RI™A means the Eulerian rotational transformation from inertial reference frame to antenna
reterence frame, cte. Some useful relations among these transformations are cited below.

The cascade transformation: RA™F = RI™F RA=I The inverse rotational transformation: RI™F = (RF™1) transposc.
The basic rotation transformation:

—
cosy cosa — cosfl sina siny cosy sina + cosf cosa siny  siny sinf§
[ ] - . ) _ . . . A . . . i .
R =] —siny cosa — cosf} sina cosy — siny sina + cosf} cosa cosy  cosy sinfi
sind sino — sinf} cosa cosf

Where (afly) ar theed Fulenaa naational angles.

The inertial retvr e 6o et this document is an canth-fixed coordinate system.
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2.2 PLANE-WAVE

The incidont wave could be E-polarized, H-polarined or miswee of both polarization.

E-polarization
E = (—cose uaf, — sina sinf, cosft) ¢~ K8 M
H = (~ sina, cose, 0) ¢~IKS o — )

H-polarization
E = (sina, — cosa, 0) ¢~ KS _ 3)
H = (- cosa sinf. — sine sing, cosf) ¢~ iKS “)

The phase factor of the plane wave is
e KS o o= - (3 cono cosf + y sine coM + 7 sing) o)

et e e pe e = cous (7 + 2 4 e o e poiction sngle e P

wave could be E-polarized, H-polsrized, or other linserly putasiend planc 'Wf‘
d
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2.3 DIFFRACTION FIELD o
Sommerfeld’s solution for s thene dmessionsl diffraction of 3 plane-wwie by o hal(-plate la given in the Geussian

system unit as
(E—planc polarization)
Ey = —Hyshf - ©
B - n‘.-"i-.a: L wm o
El,_._iwem(rw-:wm el L]
- |
H,--\;:i nwouv---n | .
0 + +' 2 3 gc“_o_ 9
{mom (¢ ()] “/-Ktcosﬂsm2 2} V)]
: H" Zh ‘““’:m S VS o =
- + [ 2 e a8l . _(10¥
{m M) G(q)l i Krwtfnzm 2:_} A N - (H
H, = 0o ‘ : L 11
" The companion expressions for the H-plane polarization are given below as
(H — planc polasization) ' .
- ]
E, = € 4, iK(rcosf — zsinf),
Vv
G — G +.ﬁ (@ sin® (12)
{sm o {G(p) Q)] +i KT coop cos 5 sin 5 }
_m
F—y = -e‘/_ e\K(rcoaﬂ—zsmﬂ)
./ 2 . a 6 (1
{cos a [G(p) + G(q)] +i KT oo cos 3 cosi } (i3
E, = 0 ' ita
H, » F, sinf (15
Hy = - Ey s as)
amn

-8 :
Hy = &4 cosp ¢ I (o = 250 (GEp) + GO
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Where G(s) = ¢~ & [\fu’u«w]f?wj‘:w’u
mumww”un
Ui = ) weeeD0.
.0, e

it “‘:Di'
-1, mwo

and q--al:ra-n*n!—i-l
A *MM‘«-!—:—!

&mqﬁ-mm-ﬂumwm« 9, 2) used in the above oquations are in fence reference
thwm

(Hy, Hy, Hz)r"ﬂ‘rlllqd*ﬂﬂérﬂu-pa
have been determined, the transformation of -
(Hy, Hy, MA" R'-. (Hy, Hy- H)r :
muadioobwnﬂlemqneucﬁddofthemmapcmmﬂnamnmmfemnoeﬁame wheredpnsthepohnuuon
nglemdnfaacelefuencefmne . . :

24 TRANSFORMAT!ON AMONG REFERENCE FRAMES

In order t0 use Sommerfeld's half-phnc solution, the plane-wave incident angles and polarization angle should
tmxsfomﬁomthemer}mllefetenoeﬁameloﬂlefmocmfemﬁame L .
The incident angle pair (a.iﬂ) corresponds 10 a uait vector as -

(x, ¥, z); = (cosa cosf, sina cosB, sinf)

The angles of arrival of the planc-wave in the fence reference frame are obtained by the rotation transformation

s

19)

(20)

(x.y. 2) = rRI™F (x, y. zh @n

The translation transformation is ignored here since only angles are of concem. The arrival angles of the planc-wave in
the fence reference’ frame are found by solving the equation below.
(x, ¥, Z)F = (cosa cosf}, sina cosf, snnﬂ)p

For the transformation of the polarization angle d; from the inertial reference frame to the fcncc reference frume.
linearly-polarized magnetic field with polarization angle 4; in the inertial reference frame has components.

(Hy, Hy, Hp); = cosdy (— sina, cosa, 0); +
sind) (— cosa sinf, — sina sinf, cosf);
These magnetic field components transform into fence reference frame by
(H,. H,, Hyp = RI°F (H,, H,, H),
The polarization angle dp. in fence reference frame. are found by solving $he equation

(Hy, Hy, Hylp = cosdg (— wime, cose, Oy + o
sindp (~ cowe sinf. ~ sine sinf, cou)y: b L (28)

22)

(23

(24)



CRIGINAL PAGE IS
OF POOR QUALITY

2.5 FOCAL PLANE RECEPTION PATTERN i

The antenna analysis program calculates the focal plane mcepuon pattern of the incoming diffracted electromngmc
ficld by Fourier transformation of a Sommerfeld half-plane solution (which is in antenna reference frame) at the antenna
aperture region. The pattemn given in decibels (dB), is obtained by

P-ZOlogl fn,(a)u.dal %)
aperture

Where Hy (6) is 2 planc wave function and H, is the apenuse fleld distribution which is approximated by a Sommerfeld

3. PROGRAM DESCRIPTION
This section describes a FORTRAN program which is used 1o calculate a focal plane reception patiern for a

paraboloidal antenna and a nearby fence.
The program hierarchy chart is shown in Figure 1. This chant shows the flow of the progam. The COMMON block

cross-reference matnx is shown in Figure 2. This matrix shows the COMMON blocks used in each subroutine.
The subroutine functional descriptions and input parameters list are also included in this section. The program listing
is provided in appendix B.

3.1 SUBROUTINE FUNCTIONAL DESCRIPTION

Tlussecuondescilbameﬁmcuons performed by each subroutine. q
MAIN  The main routine controls the flow of the program. MAIN routine first calls subroutine ATIN to read the in-
put parameters. MAIN routine then calls subroutine ATDEF to define the constant values in the program.
The third subrdutine called by MAIN is subroutine ATEXPL, which’is used to print out the sxgmﬁcam

parameters used iff the program. The actual calculation is performed after these calls.
ATIN This subroutine provides the input values for the program.
ATDEF This subroutine defines constant values and converts physical units.
ATEXPL This subroutine pnints out sume input parameters for the user’s information and record.

ATAPER This subroutine subdivides the reflector aperture into small differential arcas and evaluates the coordinates.
unit normal vector, and differential arca for each small area at the aperture surface.

ATROP  This subroutine provides the rotation operators for the use in the rotational transformations among inertial,
antenna, and fence reference frames.

ANGROP This subroutine defines. Eulerian rotation operation A for the rotational transformation

Where

r(cosy cosa — cosP cosa siny)  (cosy sine + cosfl cosa siny)  (siny sinfi)

A =!| (- siny cona ~ cosfl sine cosy) (- siny sina + cosfl cosa cosy) (cosy sinf})

(sinfl cosa) (— sinf cosa) {cosf)

e




TRANSP

CROSS

ROT

ATXPW

ATRAT
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INPUT:  Eulerian angles @, B, 7.
OUTPUT: Rotational Operstor martrix A.

This subroutine transposes the rotation operator to obtain an inverse matrix for the inverse rotation
transformation.

This subroutine computes the inverse matrix

M My My My My My,
My Mp My - M2 My M
M3 My My L_Mu My My

This subroutine performs matrix multiplication.

C@33)=A33BEGI).

Where ) _ :
Ca = F,AGHBK) , |
' 4

This subroutine performs rotational transformation from $ne reference frame to another reference frame.

x' b 4
Y Ii=I[A&}y
z’ z =

where A is Eulerian rotation operator.

This subroutine transforms plane-wave incident angles of arrival and polarization angle from inertial
reference frame to fence reference frume.

This subroutine performs the necessary transformation to transform the cartesian coordinate point in antenna
reference frame to the cylindrical coordimate point in the fence reference frame.

This subroutine computes

x,y,z) = [RA™T] (x, y, 2)p + Ta (H

x.y,2)p = [RI~F] x,y, 21 - TE Q@

and
(r, 8, 2)p = (\/xr.z + xg2, tan~! %E. zp) 3

where To, Tf are translation vectors of the antenna reference frame and the fence reference frame ' the
snertial reference frame, respectively. The first equation transforms a cartesian coordinate point from the
antenna reference frame to the inertial reference frame. The second equation transforms that same point from
the inertial reference frame to the fence reference frame. The third equation transforms that point from the
caaesn coundinate system to the cylindrical coordinate system. (Sommerfeld solution equations are
descrbed by o ovlindncal coordinate system in the fence reference frume.)
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This subroutine computes G(p) and G(q) valuss in the Sommerfeld solution equations.

This subroutine evaluates

G(a) = e—i#? [\/'ne—U(-u) + qmn! ‘.1"’:4“1
whewe Uivp » Ly 2 6
8 4K0

g} = L xd0

e ~-1,x<0

- 6+ a.
- and q-‘-(wmn"‘cm-——-:
'bol

ATCY

‘ATRFA

ATPWH

ATCORR

- o MM‘ -3

R It

m anel imegrl f y -ﬁ- o is evaluated at the subroutioe ATCS o
This. submuunc cvaluates Flunel mtcgnls ’J
i

C(X) = INTEGRAL (COS(T)/SQRT Q° Pl ® T) SUMMED OVBR T‘FROM'O TO X)

S(X) = INTEGRAL (SIN(T)/SQRT (2 °*PI°*T) .SUMMED OVER-T FROM 0 TO X)

P

* -

This subrouune cvaluates H-plane Sommerfdd aoluuon equations.

This subtomim uan:forms lhe H-plane electromngnebc ficld components of the Sommerfeld solution from
fence reference frame to antenna reference frame. )

This subroutine evaluates
(Hy, Hy. Ha = [RFA] (H,, H,, Hpe
This subroutine cvaluates the plane-wave functions H,, at every point on the reflector aperture
Hp = (- sina, cosa, 0) ¢~iKS ¢}
¢—iKS = o—iK - (x cosa cosf + y sina cosf + 2 sinf) )
angles a, B describe the direction of the plane wave.
This subroutme colculaiea foon! plane seveption pattom by the following equation

Paten = 20 bog | [ H. Hy e |

aperture

where Hg 1+ Sommerfeld solution and H, is plane wave tunctwn
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INERTIAL :
REFERENCE FRAME |

o FENCE SYSTEM
i 1

. t Figure 1. /] 7
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ATIN ATDEF ATEXPL ATROP

ATXPW  ATAPER
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3.2 INPUT PARAMETERS
The names and descriptions of the pasrass input variables are listed bekow
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Tuble 2 Naiws amt Descriptions of the Progran: Vanables

Common | Paramescr ‘ Paramcter
Block Name Type
INPUT! SIGMAM ]J' R*X
SIGMAO LN
X1 } R*¥
FOXIM : R*8
' OFR R*8
F R*8
INPUT2 ALPHAI R*8
BETAI R*8
DELTAI R*8
ALF! R*8
*
BET1 R*8§
GAMI R*§
INPUT3 ALF2 R*8
BET2 R*K
GAM2 R*8
XTA R*8
YTA R*8
ZTA R*8
XTF R*8
YTF R*8
7TF R*R

|

Descroiption

Antenma neflector radius
Onginal value of sigma
Integration control constaat
Wavelength

Frequency in GHZ units

Focal length of ideal paraboloid

Plane-wave azimuthal angle in

inertial system :

Plane-wave polar angle, in iner-
tial system Fd

d
Plane-wave polarization angle in
inertial system

Eulerian angie in antenna system
Eulerian z{ngle in antenna system

Eulerian angie in antenna system

Eulerian angle in fence system
Eulerian angle in fence system
Eulerian angle in fence system

Translation vector component for
inertial-antenna correspondence

Translation vector component for
inertial-antenna comespondence

Translation vector component for
inertial-antenna correspondence

Translation vector component for
inertial-fence correspondence

Translation vector component for

inertial-fence correspondence ~

Translation vector component for

inertial-fence correspondence

-




Table ?

INPUT

ANGA

ANGB

DB

NANG

XDF

1*4

R*8

R*8

I*4

R*8

anyle o of planc wave Hp

angle f§ of planc wave Hp

increment of angle p

number of angles to be evaluated
in the pattem

If XDF = 1, the Sommerfeld
solution equations are fully
calculated

If XDF #, the cylindrical
diffraction part of Sommerfeld
solution is discarded
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4. USER INSTRUCTION
This section compriscs the user’s guide fi the antonna analysis program.

Presently. the program cxists 0 the fomn of nan-execwtable load modules in library XRHSC.ANTENNA.LOAD for
all but the MAIN sad BLOCK DATA suhpmgram. Since these cannot be linked in automatically, only object modules
were genesuted for thewy. ‘These axe locstedt in library XRHSC.LIB.OBJ, which also includes the object modules
generuted in the process of cresting the meinbens of the nonexecutable load library.

Figure A shows the JCL 10 Se used ® recomplie the program whes no sowexecutable load library module is to he
created, Figure B shows the JCL 10 be used whon o sacssbet v a0 br crested amd added to the non-executable load
library. Cataloged procedures in library XRHSC MPYSMUN, WY1, eluninate the need for detailed copying of this JCI.
(members FORTVCOM aad PORTVADRR

For executing she pengesn. PAY, ahnm mpm e beeo created. PAT is located in library
XRHSC.LIB.CNTL. M?A‘fh.quiﬂadw““ﬂn?mc

5. SAMPLE PROBLEM

This section provides a sample pmblcm to simulate the radistion pattern of a 9-meter paraboloidal reflector with F/D
rmoof044wnhfeeddfocdpoxm.mmcndentdmicﬁddu-wmedtobelmcaﬂygxﬂ-nudmmcz-duecuon
'mthcmmaloootdmnesymn Openating frequency is 2.0 GHz with integration control constant XLI sct to 0.5. The
Eulerjan angles in amtenna coordinate system arc (180,90,90) and in the fence coordinate system are (90,90,270). The
‘transiation vector components from inertial to aperture origin is (0,1000,0) and from inertial to fence origin is
(0,2200,—700) in cm units. The radiation pattern is computed at aperture tranamitted region with angular coordinate Q
varying from 93.0 to 87.0 at 0.1 decrements. _

All the default input values are set up in the BLOCK DATA of the program ANFENNA FORT(PAT). The user
may use the namelisted input in the data file ANTENNA.DATA(CASEPO1) to override the default input values.

Computer print-out listings are shown in Figures D-G. The focal plane reception pattern is plotted in Figure H.

6. SUMMARY

A comprehensive test of the program has been performed. Figure 1 shows that the focal plane reception pattemn with
a fence oriented orthogonally to the paraboloid axis and located directly in front of the antenna }6 meters away with the
antenna lower half blocked by the fence. Figures 2 ~ 10 show a series of focal plane reception patterns with the fence
lower by 30 cm, 100 ¢cm, 200 cm, 300 cm, 400 cm, 450 cm, 600 cm, 700 cm and 800 cm. respectively. It is clearly
tlustrated that the focal plane reception patterns are distorted for all the cases that the antenna are blocked by the fence.
The rudins of the antenna is 450 cm. The distortion depends on how much arca is blocked. For example, Figure 6
show savhe distorion of the reception pattern for a slightly blocked antenns, and Figure | shows great distortion nf
reeepaon putert I0r a haif blocked attenna 1t e aise shown thiss ali the unblocked antenna cases, the reception patiern
are wikbintoned a ilustrsed an Figures 7 - 1L The inst sidelobe Jevel 1s seen to be at —17.6 dB with respect o the
main bean peak due to the fact that the effect of space divergence between a focal point feed and the parabolic reflec-

tor, and feed directivity. were not included in the program initially.
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For the following two cases, although the antennas are not blocked by the fence geometrically, but the diffraction
cffects ure shown on the sidelobe of reception pattern nevertheless. Figure 11 illustrates that with the fence 127 meters
away from the antenna and 5 meters lower from the level of center of antenna, with this orientation the angle of incom-
ing diffraction ficld is 2.15 degrees and correspondingly the reception pattem has distortion at 8 = 87.75 degrees. The
same effect is also shown in the second case. In Figure 12, with the fence locuted at (450 m, —9 m), the angle of in-
coming diffraction field from the fence is 1.15 degrees. The reception pattem clearly shows distortion at 6 = 88.85

degrees.

In this investigation we found that as long as the antenna is not blocked by the fence, the main lobe of the reception
pattern will not be distorted. However, the sidelobe will be distorted if the angle of the incoming diffraction field is
roughly equal to the inclination angle of that sidelobe. If the angle of the incoming diffraction field is large compared
to the inclination angle of the sidelobe concerned. the diffraction effect frum the fence is not shown in the focal planc

reception pattern.
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APPENDIX A

RELATION OF FOCAL PLANE RECEPTION PATTERN AND
FOURIER TRANSFORMATION OF THE FIELD DISTRIBUTION
AT ANTENNA APERTURE REGION
ﬂnwﬁﬂwmumpmmwd by a Sommerfeld half-plane -solution deacribad in the antenna
. Jeference frame. Tha apeote ficld distribution includes the incidont plane wave aad the incoming diffrection fickd from
“the fence. In owdet W estimete the effect of the diffracting fence on the performance of the antenna, a focal planc
reception puttos cospesponding to this aperture field distribution is needed to illustrate how the introduction of the dif-

fraction ficld free the fence changes the focal planc reception pattern.

hm;\-l -P is an arbitrary point on the focal plane of antenna, A is the vertex of antenna, and F is the focal

poist. The m ‘between PA and FA is 6. For a small angle approximation, a plane wave with an incident angle 8
from the opposite side will focus on point P after reflection from the paraboloidal antenna. Alternatively, the phase dif-

ference function for any point on the aperture planc is ey * R for that corresponding point P on the focal planc.

- {Here k; is the unit wave vector of the phné-wave with an incident angle 6 and R is a position vector to the.aper-
! ture planc.] The ficld at point P for the aperture ficld distribution H, can therefore be calculated by the integratiop of
theapemnc ficld distribution Hg mnluplned thh(hc plmediﬁumefumuon ¢iKp * R over the entire aperture region.
SR ekRa | o4
aperture _ _ R |
Similarly, for any other point Q on the focal plane, there is a wave vector kq in the opposite side of AF with an
incident angle equal to FAQ.. . :

The field at point Q is °

J Hy-cKe Rda
aperture
The fovad plane reception pattern fiv on apcrture held distribution H, is now represented as the Fourier transforma-

tors ol Hy i the ameeftune revae

J Hg-eK Rgy
aperture



weed

APPENDIX B

The cntire antenna analysis program is listed below.



ORIGINAL PAGE IS
OF POOR QUALITY

xxxx TSQ FOREGROUND HARDCOPY XX
DSNAME=XRHSC.LIB.MVS.CLIST (FORTVCOM)

00000010PROC 2 SUFFIX MEMBER TERMON MIN(O0) SEC(30)
00000011IF &SUFFIX = XXX THEN SET SUFFIX=
siistteticchs e ACTsto yncane

00030 M .
00000040IN #7&SYSUID.COM JOB (FHO11,B22,2), 'LIBASUFFIX.(&MEMBER.)", TIME=(&MIN., &SEC.),
00000050IN // MSOCLASSsU,CLASS=0,NOTIFY=&SYSUID
Stesseeely Zmttamn STl oo

4] = . .

00000080IN 77 EXEC FORTVCOM,OUTs*K*,SUFFIX=*&SUFFIX.*,MEMBER*SMEMBER, PREFIX=ANTENNA
00000090IN /7 EXEC NTSO
000001008 TERMON. SCHEDULE X
00000110END N

Xxxx TSO FOREGROUND HARDCOPY »xxx

DSNAME=XRHSC .MVSPROC.CNTL (FORTVCOM)

//FORTVCOM PROC USRID=XRHSC,PREFIX=,0UT='x%', BLKSIZE=7265, 00000010
/7 TERMOUT='x",ERRLVL="NOFIPS,FLAG(E)" 00000020
//SOURCE EXEC PGMxFORTVS,REGION=2048K,COND=(4,LT), . + 00000030
77/ PARM='L.C(80),8ERRLVL, SOURCE, XREF,MAP,NODECK, NOLIST,OPT(3)" 00000040
7//STEPLIB DD DSN=SYS1.FORTVS,DISP=SHR - 00000050
7/SYSLIN DD DSN=&USRID..3PREFIX&8SUFFIX..0BJ(EMEMBER),DISP=5SHR, 00000040
7/ UNIT=SYSDA, 00000070
/7 DCB=(,RECFM=FB, LRECL=80,BLKSIZE=3200) 00000080
//SYSPRINT DD SYSOUT=30UT,DCB=(RECFM=VBA,LRECL=137,BLKSIZE=&BLKSIZE) 00000090
//SYSPUNCH DD DUMMY,DCB=BLKSIZE=3440 00000100
//5YSIN DD DSN=&USRID..8PREFIX&SUFFIX..FORT(&EMEMBER),DISP=SHR 00000110
/7% SYSLIB DD DSN=8USRID. .8PREFIX&SUFFIX..COMN.FORT,DISPaSHR 00000320
//SYSTERM DD SYSOUT=&TERMOUT 00000130



ORIGINAL PAGE IS
OF POOR QUALITY

xxux TSO FOREGROUND HARDCOPY %xxx
DSNAME=XRHSC.LIB,.MVS.CLIST (FORTVADD)

00000010PROC 2 SUFFIX MEMBER TERMON MINCO) SEC(30)
00000020IF &SUFFIX = XXX THEN SET SUFFIX=
R -
STERMON = TERMON THEN SET CC= L
00000050ACCESSJC ACCT(SPONS) BOX(BOX)
00000060QED TEMPJOB.CNTL NEW EMODE :
00000070IN //&8SYSUID.CAD JOD (8SPONS,B22,2), 'LIBASUFFIX.(SMEMBER.)", TIME*(8MIN.,&SEC.),
00000080IN // MSGCLASS=U,CLASS=0,NOTIFY=&SYSUID
00000090IN /%JOBPARM QUEUE=FETCH
00000100IN /HPROCLID=XRHSC.MVSPROC.CNTL
00000110IN 7/ EXEC FORTVADD,NBLK=G,0UT=*%',SUFFIX='&SUFFIX. ', MEMBER=EMEMBER,
00000120In ~/ PREFIX=ANTENNA
00000130IN 7/ EXEC NTSO
00000140V
000001508CC
00000)608TERMON. SCHEDULE x
00000170END N

xxxx TS0 FOREGROUND HARDCOPY xx

DSNAME=XRHSC.MVSPROC.CNTL "~ (FORTVADD)

7/FORTVADD PROC USRID=XRHSC,PREF1Xe=,0UT='x",BLKSIZE=7265, 00000010
7/ NBLK=40,TERMOUT="X",ERRLVL="NOFIPS,FLAG(E)" 00000020
7/SOURCE EXEC PGM=FORTVS,REGION=2068K,COND=(4,LT), + 00000030
7/ PARM=*LC(80),8ERRLVL, SOURCE, XREF, MAP, NODECK,NOLIST,OPT(3)"' 00000040
//STEPLIB ‘DD DSN=SYS1.FORTVS,DISP=SHR . 00000050
7/SYSLIN DD DSN=8USRID..&PREFIX&SUFFIX..0BJ(&EMEMBER),DISP=SHR, 00000060
77 UNIT=SYSDA, - 00000070
77/ DCB=(,RECFM=FB,LRECL=80, BLKSIZE=3200) 00000080
//SYSPRINT DD SYSOUT=&0UT,DCB=(RECFM=VBA,LRECL=137,BLKSIZE=&BLKSIZE) 00000090
7/SYSPUNCH DD DUMMY,DCB=BLKSIZE=3440 00000100
7/SYSIN DD DSN=8USRID..S8PREFIX&SUFFIX..FORT(ZMEMBER),DISP=SHR 00000110
7/SYSTERM DD SYSOUT=&TERMOUT 00000130
/7LIBNAME EXEC PGM=LIBRYGNZ2,COND=(4,LT),REGION=175K,PARM="§" 00000140
/7/7SYSLIB DD DSNAME=SYS1.DUMMY,DISP=SHR 00000150
//5YSOUT DD DSNAME=8&LIBMOD,DISP=(NEKW,PASS),UNIT&3350, 00000160
7/ SPACE=(3200,(&NBLK,80),,,ROUND),DCBs(RECFM=FB, LRECL=80,BLKSIZE=3200) 00000170
7//SYSPRINT DD SYSOUT=&0UT,DCB={RECFM=FBA, LRECL=8]1,BLKSIZE=7290) 00000180
7/SYSPUNCH DD DUMMY,DCB=(RECFM=FB, LRECL=80,BLKSIZE=7280C) 00000190
//SYSIN DD DSN=gUSRID..SPREFIX8SUFFIX..0BJ(ZMEMBER),DISP=SHR 00000200
77LINK EXEC PGM=LINKEDIT,COND=(4,LT),REGION=]150K, 00000210
/7 PARM='LIST,MAP,NCAL,SIZE=(132K,12K)"* - 00000220
//SYSLMOD DD DSN=&USRID..8PREFIX8SUFFIX..LOAD(&MEMBER),DISP=5SHR 00000230
//7SYSPRINT DD SYSOUT=80UT, DCB=(RECFM=FBA,LRECL*®12]1,BLKSIZE=3509) 00000240
//SYSUDUMP DD DUMMY 00000250
//SYSUT] DD UNIT=3350,SPACE=(CYL,(1,1)) 00000260
//7SYSLIN DD DSN=&ZLIBMOD,DISP=(0LD,DELETE) 00000270

18



xxxx TSO FOREGROUND HARDCOPY MxxX
DSNAME=XRHSC.LIB.CNTL CPAT )

//7XRHSCPO1 JOB (FHO011,B22,5),PATDF,MSGCLASS=A, TIME=(6,),
/7 NOTIFY=XRHSC,CLASS=0
77% CLASS=0:NO TAPE,A:DEFAULT,E«EVENING, F«HEEKEND.
77%XJOBPARM LINES=100,QUEUEsFETCH
/%PROCLIB=XRHSC.MVSPROC.CNTL
77STEP)1 EXEC PAT,VOL=ANTO),FILE=1,SIZE=2043K,256K"*,
/77 REGION. anx-sooox,ntexou oo-sooox
7//LINK.OBJECT DD X
INCLUDE O0BJLIB(PAT)
INCLUDE NEWLINCZETAS) -
//GO.FT08F001 DD DUMMY
/7%G0.FT08F001 DD DUMMY
/77GO.DATAS DD DSN=XRHSC.ANTENNA.DATA(CASEPO1),DISP=SHR,LABEL=(,,,IN)
/7 EXEC NTSO,MODE=ALL

waxexx TSG FOREGROUND HARDCOPY doxaex
DSNAME=XRHSC.MVSPROC.CNTL .

//ANTASIH PROC NBLK=40,0UT='X',TERMOUT='%"*,FILE=],
S1ZE=4128K,12K*,0PTION=

//LINk EXEC PQM'IENL.REGION'ISOX.COND'(G:LT).
PARM=*MAP,LIST,SIZE=(2SIZE.),&0PTION®

//NENLIN DD DSNsSYS2.NEWZETA,DISPsSHR

7//SYSLIB DD DSN=SYS1.VLNKMLIB,DISP=SHR XRDMS 01/06/33

(PAT )
XLA

V4 DD DSN=SYS1.VFORTLIB,DISP=SHR
7/ DD DSN&XRHSC.ANTENNA.LOAD,DISP=SHR
Vo4 DD DSN’SYSZ.HPIOSS.DISP'SHR
77 . DD DSN=SYS2.IMSLS,DISP=SHR
- LS . DD DSN=SYS1.FORTSSP,DISP=SHR
4 ) DD DSN=SYS1.MVTFTLIB,DISP=SHR
77 DD DSN=SYS2.VFORTLIB, DISP®SHR XRDMS 017067383
v’z DD DSN=SYSZ.FORTLIB,DISF=SHR
/7/0BJLIB pD nSNvXRHSC.ANTENNA.CbJ(P&T7.DISP=SHR,
7/ DCR=(REZSM=FE, LRECL=EC, RLKISIZE=3200)

/7/SYSLMOD DD DSN= &&LODPOD\GSF'),LNI.-D SK,SPACE=(6144, (&NBLK 20,1)),
4 DISP=(,PASS)
/7/SYSPRINT DD SYSOUT=80UT,DCB=(RECFM=FBM, LRECL=121, BLKSIZE=3509)
/7/7SYSTERM DD SYSOUT=&TERMOUT
/7/75YSUT1 DD UNIT=(DISK,SEP=(SYSLMOD, SYSPRINT)) SPACE=(CYL,(1,1))
77SYSLIN DD DSN=&8&0BJMOD,DISP=(MOD,DELETE), DCB=RECFM FB.
// UNIT=DISK,SPACE=(TRK,0)

DD DDNAME=QBJECT
//SYSUDUHP DD DUMMY
7/7G0 EXEC PGM=%_.LINK.SYSLMOD,COND=(4,LT),REGION=800K
//FT05F00)1 DD DDNAME=DATAS

//FT06F001 DD SYSOUT=80UT,DCB=(RECFM=VBA, LRECL=137,BLKSIZE=]141,BUFNO=1)

//FT07F001 DD SYSOUT=B,DCB=(RECFM=FB,BLKSIZE=7280,LREC{=20)
//FT08F00)1 DD UNIT=(6250,,DEFER), LABEL=C&FILE,NL),VOL=SER=ZVOL,
4 DCB=(RECFM=FB,LRECL264,BLKSIZE=1024,DEN=3),

7/ DISP=(NEHW, KEEP)

7//FT10F001 DD SYSOUT=30UT,DCB=x, FT06F001

//SYSUDUMP DD DUMMY

CRICINAL PAGE IS
OF POOR QUALITY

00000010
00000020
60000025
00000030
00000040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
00000120
goggelle

00000010
00000020
00000030
00000040
00000050
00000060
00000065
00000070
00000020
00000090
00000095
00000100
000001} 0
00000120
00000130
00000135
00000140
00000150
00000160
00000170
C0000180
00000190
09000200
£0000210
00000220
00000230
00800240
00000250
00000260
00000270
00000280
00000290
00000300
00000310

LIS
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(INAL PAGE 1S
OF POOR QUALITY

¥%x%XX TS0 FOREGROUND HARDCOPY M¥xx
DSNAME=XRHSC.MEMO . TEXT (END )

The complete output file of our sample problem is shown as :

NAMES AND DESCRIPTIONS OF THE PROGRAM VARIABLES
SIGMAM = 48%0.000 xxx ANTENNA REFLECTOR RADIUS
SIGMAG = $.000 xxx INITIAL VALUE OF SIGMA
XL1 = 0.500 33 % IﬂTEGRATION CONTROL . CONSTANT
XiM = 14.990 Xxx WAVELENGTH ;

FR = 2.000 33 FRéNQUENCY IN GHZ UNITS

F = 500.0 1334 FOCALALENGTH OF IDEAL ﬁﬁRABOLOID
PLANE-WAVE ANGLES OF ARRIVAL IN INITIAL SYSTEM

ALPHAI = $0.000 xxx AZIMUTHAL ANGLE -
BETAI = 0.p00 xxx RIGHT ANGLE - POLAR ANGLE

POLARIZATION ANGLE

DELTAI = 90.00C
EULESIAN ANGLES FTZP ROTETION

IN ANTENNS Cvitir

ALFl = 180.000 BETI = 90.000 GAMl = 90.000
IN FENCE SYSTEM

ALF2 = 90.C0C BET2 = 90.000 GAM2 = 270.000

TRANSLATION VECTOR COMPONENTS

FROM INITIAL TO ANTENNA SYSTEM

XThA = 0.0 YTA =1000.0 ZTA = 0.0

FROM INITIAL TO FENCE SYSTEM

XTF= 0.0CO0C0E+00 YTF = 0.220000E+04 2ZTF = ~.7000C0E+03

20



INDEX =

PB
PB
4]
PR
PB

—— PB

PB
PB
PB
PR
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
Fb
PB
PB
PB
PB
PB
PB

"

w

93.
92.
92.
92.
92.
92,
92.
92.
92.
92.
92.
.900
.800
.700°VOC
.600
.500
.400
.300
.200

91
91
91
91
91
91
91
91

- 91,
. 91.

sQ

S0.

90
90
90
90
90

90.

000
500
800
700
600
500
400
300
200
100
000

100
000
gee
E0C

.700
.600
.500
.400
.300

200

11992
vocC
voc
voC
voc
voC
vocC
voc
voc
vocC
voC
voC
vocC
voC

voC
voc
voc
voc
voC
voc
voc

voce ¢

voc
vocC
voc
voc
voc
voC
voc

0O O © O O 0O 0O 0 O ©0 O O O O O 0 O© o © o o

(]

o

0o O O o o o

e

OF

.183443E+05
.381938E+05
.558975SE+05
.692831E+05
.76389G4E+0S
.756856€405
.662703E+05
.480307E+0S
.217458E+05
.108810E+05
.G72636E+05
.840626E+05
.117380E+06
.143021€+06
.156805E+06
.156890E+06
.134104E+06
.922396E+05
.283026E+05S
.573251E+0S
.1628C7E+0€

JECTEZE+Q6

.G18997E+06
.559540E+06
.700155€E+406
.8364125E+06
.954788E+06
.105597E+07
.113237E+07

N AL

voct
voct
voct
voct
vocL
voct
voct
voct
voct
voct
vocL
voctL
voct
voct
voct
voct

VOCL
VOoCL
voCL
VvoCtL
voCL
voCcL
vocL
vocL
voCL
vocCL
voCcL
voct

PAGE 1S
FOOR QUALITY

0.352703E+02
0.916398E+402
0.9694¢79E+02
0.968125€E~02
0.97¢607E+Q2
0.975803E+02
0.9€6264E+02
0.936304E+02
0.867475E+02
0.807334E+02
0.936905E+02
0.984921E+02
0.101392E+03
0.103108€403
0.103907E+03
0.103800E+403
£.102549E+403

"0;9929846402

0.890365€402
0.951669E+02
0.104233E+03
0.109093E+03
0.112644E+03
0.114957E+03
0.116904E+03
0.118425E+03
0.119598E+03
0.120473E+03
0.121080E403



PB
PB
PB
PB
PB
PB
Pd
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
PB
FPB
PB
PB
FB
FB
PB

ORIGINAL
OF POOR

90.100 vOC
90.000 VOC
89.900 vOC
89.8300 vOC
89.700 voC
89.600 vOC
89.500 vOC
89.400 voC
89.300 voC
89.200 voc
89.1C0 vOC
89.0CC vOC
88.900 voOC
83.300 vOC
38.700 voC
88.600 VOC
88.500 voC
83.400 VOC
88.300 voOC

«88.200 VOC

88.100 voC
88.000 VOC
87.900 vOC
87.800 vOC
87.700 voOC
87.600 vocC
87.500 voC
37.400 VOC
87.300 voC

87.200 vOC

© 6 o 0 0 o o o o

o

QOOOOOOOOOOOOOQOOOOC’

PAGE IS
QUALITY

.11799GE+07
.119613€+07
.118006E+07
.113259E+07
.105627E+07
. 955144E+06
.83G49BE+06
.700509€+06
.5598¢c]L+0¢
4192178406
.285000E+06
.162814E+06
.57226G2E+05
.284991E+05
.925082E+405
.136416E+06
.155207E+06
.157094E+06
.143250E+06
.117523E+06
.8610G3E+05
.471980E+05
.J07142E+CS5
.219976E+05
.483G04E+05
.666055E405
.760108E+05
.766696E+05
.69GBB0E+0S
.560043E+05

VoCL
VOCL
VOoCL
vOoCL
voCctL
VOCL
voCL
vacL
voCt
voCL
VOCL
VOCL
VOCL
vocL
VOCL
voctL
VOCL
VOoCtL
vVOoCL
VOCL
VOoCL
VOoCL
VOoCL
VvoCL
VOCL
voCL
vocL
vOoCL
VoCL
vocL

0.121637E+03
0.121556E+03
0.121438E+03
D.121081E+03
0.120476E+03
0.119601E+03
0.118429E+03
0.116908E+03
0.114961E+03
0.112449E+03
0.109097E+03
0.106234E+03
0.951516E+02
0.890966E+02
0.993236E+02
0.102569E+03
0.103818E+03
0.103923E+03

0.103122E+03

0.101402€E+0C3
0.9869664E+02
0.934785E+02
0.805997E+02
0.868475E+02
0.936862E+02
0.964702E+02
0.976175E+02
0.976925E+02
0.968382E+02
0.94964G4E+02



PB
PB

87.100 VOC = 0.321897E+05
87.000 VOC = 0.182293E+05

VOCL = 0.91638GE+02
VOCL = 0.852156E+02



APERTURE PLANE

FOCAL PLANE

Figure A-1.
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owiGINAL PAGE IS
OF POOR QUALITY

Xx¥x¥% TSO FOREGROUND HARDCOPY X¥xx

DSNAME=XRHSC.ANTENNA.FORT (ATMAIN )
3362 3 D€ 363 D3 X X 36 J€ 3¢ D€ DEDE 2 2626 DI 2 BE 36 I DEDEIE 36 3 IE JE 2636 36 6 JE DE 36 36 3 D6 D JE 3¢ 2 30 2 2 2 D 3 938 D6 3 3 DI I I NN XN NANO00000] 0
00000020
c PROGRAM OF ANTENNA-FENCE SIMULATION 60000030
c TASK NO. 511 00000040
c MARCH 27, 1986 00000050
C GSFC ATR = RICHARD F. SCHMIDT 00000060
o SAR TASK LEADER - DR. MACHAEL KAO 00000070
g SAR TASK PERSONNEL - HWAI-SOON CHENG gggggggg
g MAIN PROGRAM s TO CONTROL THE LOGICAL FLOW OF THE PROGRAM :gggg{gg
.26 336 26 36 36 JE 3 36 326 26 3€ 3 3 3E 36 2E D6 DEDE ¢ 3 D6 28 0F D D WE DY 3000 D 3F D DE 08 30 96 16 3 36 36 6 3¢ 36 0 36 26 26 D DI DE D IE DEIC IE I JEIE I I NENXNOD000120
IMPLICIT REALXS (A~-H,0-2) 00000130
REALXE KIX,K1Y,KIZ,RFX,KFY,KFZ,KHX, KHY, KNZ 00000140
COMMON 7INPUT]/ SIOQMAM,SIOMAO,XLI,FR,F 00000150
COMMON 7/ INPUT2/ ALPMAY,DETAI,DELTAI,ALF]l,BET],GAM] 00000160
COMMON /INPUTS/ ALF2,BET2,GAM2,XTA,YTA,ZTA,XTF,YTF,ZTF go000170
COMMON /INPUTX/ ANGA,ANGB,DB, NANG, XDF 00000180
COMMON ZANTO~/ PIE,SPM,RAD, XK, XLM,PA,PB,PDB 00090190
COMMON /ANTROP- RIA(S,3),RIF(3,3),RFA(3,3),RAI(S,5),RFI(S,S) 00000200
COMMON /ANTXPl/ KIX,KIY,KIZ,KFX,KFY,KFZ,KHX,KHY,KHZ 00000210
COMMON Z/ANTXP2/ HIX,MIY,HIZ 00000220
COMMON ZANTXPS/ ALPHA,BETA,SINALP,COSALP,SINBET,COSBET 00000230
COMMON /ANTXP4/ SINDEL,COSDEL 000002490
COMMON /ANTPAYl/ X1L(11993),Y8(11993),2L(11993),INDEX 00000250
COMMON ZANTPA27 XNI(11993),XNJ(11993),XNK(11993),DSS(11993) 00000260
COMMON /ANTRAT/ RDPR,ZDPR, THETA 00000270
COMMON ZANTPL/ GPR,GP1,0QR,06Q1 00000280
COMMON ZANTCY/ FHXR, FRXI, FHYR,FHYI,FHZIR, FHZI 00000290
COMMON ZANTRFA/ AHXR,AHXI,AHYR,AMYI,AHZR,AHZI 00000300
COMMON ZANTRF1l/ HXR(11993),MYR(11993),HZR(11993) 00000310
COMMON ZANTRF2/ HXI(11993),HYI(11993),HZI(11993) 00000320
COMMON Z/ANTPH1/ HXAR(11993),HXAI(11993),HYAR(11993) 00000330
COMMON ZANTPW2/ HYAI(11993),HZAR(11993),HZAI(11993), 00000340
COMMON /ANTLPly LOOP1 = - . 00000350
CALL ATIN ’ 00000366.
CALL ATDEF . : : 00000370
CALL ATEXPL : o 00000380
CALL ATROP v 000003950
CALL ATXPH ‘ 000006400
CALL ATAPER 00000410
DO 1000 LOOPl = 1,INDEX 000004350
CALL ATRAT 00000440
CALL ATPL 00000450
CALL ATCY , 00000660
CALL ATRFA 000006470
1000 CONTINUE . : 00000480
DO 2000 LOOP2 = 1,NANG 00000490
CALL ATPHH . 00000500
CALL ATCORR 00000510
PB = PP - PDB 00000520
2000 CONTINUE 00000530
STOP 00000540
END 00000550



XXXk TSO FOREGROUND HARDCOPY 33X

DSNAME=XFHSC.ANTENNA . FORT (ATBKDT )
BLOCK DATA 00000010
gllll‘ll!lllll!!!!!xll!KKKI!Il!l!llKll!!l!!l!l!!ll!lll!!llillllIIIIKXXX*O00 00020
00000030
g BLOCK DATA s+ TO SET UP ALL THE DEFAULT VALUES gggggggg
CIEE36 3E 36 36 2€ 0 36 503 636 D98 D¢ 6 0C 30 30 000 90 30 06 0 8 05 0 0N 0 0 0500 20 0 O D 0 0 0 000 D 0 3 DU D 3 36 D 3 DEDEXCIE X HEIE N XX XXNXO0000060
IMPLICIT REALME (A~-K,0-2) 00000070
COMMON /INPUT1/ SIGMAM,SIGMAO.XL]1,FR,F 00000030
COMMON 7 INPUT2, ALPHAI,DETAI,DELYAL,ALF],BET}),GANM] 00000090
COMMON /INPUTS/ ALF2,BET2,0AM2,XTA,YTA,ZTA,XTF,YTF,2TF 00000100
COMMON /INPUTX/ ANGA,ANGB,DB, NANG, XDF 00000110
DATA SIGMAM/450.0/,SIGMA0/0.0/ 00000120
DATA XL1-/0.5/,FRs/2.0/,F/7500.0/ 00000130
DATA ALPHAI/90.0/,BETAI/0.0/,DELTA1/90.0/ 00000140
DATA ALFl1-/180.0/,BET1/90.0/,GAM1/90.0/ 00000150
DATA ALF2/90.0/,BET2/90.0/,GAM2/270.0/ 00000160
DATA XTA/0.0/,YTA/1000.0/,ZTA70.0/ : 00000170
DATA XTFs0.0/,YTF/2200.0/,2TF/=700,0/ _ 00000180
DATA ANGA-/0.0/,ANGB/93.0/,DB/0.1/,NANG/61/,XDF/1.0/ 00000190
END 00000200

13



Xuax TS0 FOREGROUND HARDCOPY xx

DSNAME=XRHSC.ANTENNA . FORT C(ATIN )
SUBROUTINE ATIN 00000010
C 3636 DD 22 3 DE 238 ¢33 JE 2 DEDE DEIE X DE I JE I 3 I IE 3 D€ HCHE ICREDEHEDE IEIE DA B¢ I 3 I D€ DI 36 I I I JE I 3¢ 36 D6 IE 3 3 MM MM NNNNNO0000020
C 00000030
o SUBROUTINE ATIN « PROVIDING THE INPUT INFORMATION TO SPECIFY 00000040
(o! THE GEOMETRICAL AND PHYSICAL REQUIREMENTS 00000050
C FOR THE PROGRAM 00000060
o : 00000070
(C 26 3 D62 36 JE 36 36 3€ 26 3 2 JE 3 DE D€ 3¢ JE I 3E I I I 3E I DE I IE I IEFEIE I MEDE NEIE I DE I DE 2 2E 2 DE 2 3 D IE 26 I 26 3 3 D IEIEIEIEIEN I NI NN NNX000000280
IMPLICIT REALXZ (A-H,0-2Z) 00000090
COMMON ZINPUT1/ SIGMAM,SIGMAO,XLI,FR,F 00000100
COMMON /7INPUT2/ ALPHAI,BETAI,DELTAI,ALF],BET].GAM] 00000110
COMMON ZINPUTS/ ALF2,BET2,GAM2,XTA,YYA,2TA,X1F,YTE,ZTF 00000120
COMMON ZINPUTXs ANGA,ANGB, DB, NANG, XDF 00000130
NAMELIST /INPUT/ SIGMAM,SIGMAO,XLI,FR,F, 00000140
1 ALPHAI,BETAL,DELTAI, 00000150
2 ALF1,BET1,GAM]1,ALF2,BET2,GAMZ, 00000160
3 XTA,YTA,ZTA,XTF,YTF,2ZTF, ' 00000170
4 ANGA, ANGB, DB, NANG, XDF 00000180
WRITE (6,70) 00000190
READ (5, INPUT, END=30, ERR=G0) 00000200
30 WRITE (6.80) 00000210
GO TO 60 00000220
40 WRITE (6,90) ' 00000230
60 RETURN 00000240
70 FORMAY (1H///1H,.'READ IN PROGRAM INITIAL VALUES') 00000250
80 FORMAT (*¥xx END OF PROGRAM INPUT DATA xxx') . 00000260
90 FORMAT ('%xx WARNING ... INCORRECT INPUT !!! ") 00000270
END : 00000280

4
“

4



XX%X TS0 FOREGROUND HARDCOPY Mayx

DSNAME=XRHSC .ANTENNA , FORT (ATDEF )
SUBROUTINE ATDEF 00000010
gl!!llillxu!!1‘!!!!!!‘!!!!!!!!!Illlilllllllll!!lllllllll!nllllllllll!lilo0000020
00000030
c SUBROUTINE ATDEF : TOC DEFINE CONSTANT VALUE AND CONVEKT PMYSICAL 00000040
c UNITS 00000050
c 00000060
ClllIllll!!!ln!!lllll!llllllllIlllKl!!l!il!!X!XXXX!X!X!!!!!!!!!llllslllloooooo7o
00C00080
IMPLICIT REALX8 (A-H,0-2) 00000090
COMMON /INPUT1/ SIGMAM,SIGMAO,XLI,FR,F 000600100
COMMON /INPUT2/ ALPMAI,BETAI,DELTAI,ALF1,BET],GAM] 00000110
COMMON /INPUTS, ALF2,BET2.GAMZ2,XTA,YTA,ZTA,XTF,YTF,ZTF 00000120
COMMON /INPUTX, ANGA,ANGB, DB, NANG, XDf 00000130
COMMON ~/ANTO/  PIE,SPM,RAD,XK,XLM,PA,PB,PDB 00000140
SPM = 2,997925D10 00000150
XLM = SPM/(FRX].0D9) 00000160
PIE = 3.1415926536 00000170
RAD = PIE/180.0 60000380
XK = (2.0XPIE)/XLM 00000190
ALPHAI = ALPHAIXRAD 000600200
BETAI = BETAIXRAD 00000210
DELTAI = DELTAIXRAD 00000220
ALFl = ALF1XRAD 00000230
BET1 = BET1XRAD 00000240
GAM1l = GAM1XRAD 00000250
ALF2 = ALF2XRAD 00000260
BET2 = BET2XRAD : 00000270
GAM2 = GAM2XRAD 00000280
PA = ANGAXRAD ; 00000290
PB = ANGBXRAD 00000300
PDB = DBXRAD 00000318
RETURN 00000320

END 00000330
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XxX% TS50 FOREGROUND HARDCOPY wxxx

DSNAME=XRHSC.ANTENNA . FORT (ATEXPL )

SUBROUTINE ATEXPL 00000010
Cl!!l!l!l!!KlXX!KKKXl!!lx*!l!!!!lx!l!!!l!!!l!!llll!ll!!il!*!llllll!!illlDOOOOOZO
C SUBROUTINE ATEXPL : TO PRINT OUT SIGNIFICANT INPUT PARAMETERS 00000030
C FOR THE USER'S INFORMATION AND RECORDS 00000040
c 00000050
C €336 3636 3 33 € 36 JE 36 3 IE 3 36 6 I 3¢ I I 3¢ I JE 36 36 3C 36 26 36 36 6 36 30 3t 3030 3 48 336 06 36 D6 06 36 30 30 3C D0 06 05 0 36 06 B XM XX XXX KX XXD0000060

IMPLICIT REALX8 (A-H,0-2) 00000070

COMMON /INPUT1/ SIGMAM,S1GMAO, XL],FR,F 00000080

COMMON #INPUT2/ ALPMAI,BETA].DELTAI,ALF1.EET],GAMI 00000090

COMMON /INPUT3, ALF2,BET2,GAMZ,XTA,YTA, ZTA. XTF,YTF,ZYF 00000100

COMMON -&NIG,  FIE,SPM,RAD,XK,XLM,PA,PB,PDB 00000110

COMMON /INPUTX, ANGA, ANGB, DB, NANG, XDF 00000120

WRITE (6,10) £C000130

10 FORMAY ¢ *}*,15X, *NAMES AND DESCRIPTIONS OF THE PROGRAM VARIABLES®)00000140
WRITE (6,20) SIGMAM 00000150
zolgonnAT ("0%,15X, 'SIGMAM = ',F8.5,'  xxxX ANTENNA REFLECTOR RADIus'oogggigo
60 0

WRITE (6,30) SIGMAO 00000180

30 FORMAT ('0',15X,'SIGMAD = *,F8.3,"' xxx INITIAL VALUE OF SIGMA') 00000150
HRITE (6,640) XLI 00000200

40 FORMAT (:g'.lSX.'XLI = ',F8.3," xx¥ INTEGRATION CONTROL CONSTANnggggg%g
WRITE (6,50) XLM 00000230

S0 FORMAT ('0',15X,°'XLM = *,F8.3,*  xxx WAVELENGTH') 00000240
HRITE (6,60)FR 00000250

60 FORMAT ('0',15X,*FR = *,F8.3,'  xxx FRENQUENCY IN GHZ UNITS') 00000260
WRITE (6,70) F 00000270

70 FORMAT ('0',15X,'F = ',F6.1," xxx FOCAL LENGTH OF IDEAL PARABOL000000280
11D') 00000290
WRITE (6,80) 00000300

30 FORMAT ('0',15X,'PLANE-HAVE ANGLES OF ARRIVAL IN INITIAL SYSTEM') 00000310
KRITE (6,90) ALPHAI/RAD 00000320

90 FORMAT ('0',15X,'ALPHAY = *,F8.5,'  xxx AZIMUTHAL ANGLE') 00000330
WRITE (6,100 BETAI/RAD - 00000340

100 FORMAT (15X,* BETAI = !,F8.3,' XXX RIGHT ANGLE - POLAR ANGLE') 00000350
WRITE (6,105) 00000360

105 FORMAT ('0',15X, 'POLARIZATION ANGLE') 00000370
WRITE (6,110) DELTAI/RAD 00000330

110 FORMAT (*0',15X,'DELTAI = *,F8.5) 00000390
WRITE (6,120) 00000400

120 FORMAT (*'0',15X,'EULERIAN ANGLES FCR ROTATIOH') 00000410
WRITE (&,130) 00000620

120 FORMAT ('G',16X, "IN ANTENNA SYSTEM') 0000630
WRITE (6,140) ALFI/RAL, BET1/RAD, GAM1/RAD 00000440

140 FORMAT ('0',15X, 'ALF1 = ',F8.3," BETI = *,F8.3,' GAML =.' F£.3) 00000450
WRITE (6,150) 4 000006460

150 FORMAT ('07,15X, "IN FENCE SYSTEM') - 00000670
WRITE (&,160) ALFZ/RAD BET2/RAD, GAM2/RAD 0600030

160 FORMAT (°'0*',15X,'ALF2 = ',F8.3,' BET2 = ',F8.3,' GAM2 = ',FE.3) 000CC490
WRITE €6,370) COBUDSGO

170 FOURMAT (°'0', 15X, 'TRANSLATION VECTOR COMPONENTS') 20060510
WRITE (6,180) 60600520

166 FCHMAT (10, 15X, *FROM INITIAL TO ANTENNA SYSTEM®) 60000530
WRITE (6,15C) XT¢,YTA.2T4 60000540

150 FOKMET (70°',18X, *XTA = *,F6.1.% YTA =',F6.1,"' Zib = ", te ., 00000550
WRITE (6,200) 000005EC
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200 FORMAT ('0°,15X,'FROM INITIAL TO FENCE SYSTEM') 00000570
HRITE (6,210) XTF,YTF,ZTF 00000580
210 FORMAY (*0°',15X, "XTFs *',E12.6,' YTF = *,E12.6,' ZTIF = ',E12.6) 00000590
WRITE (6,230) ANGA,ANG3, DB 00000600
230 FORMAY (*0°*,15X,'ANGA = *,F8.3,' ANGB = ',F8.3,' DB = ',F8.3) 00000610
HRITE (6,240) NANG, XDF 00000620
240 FORMAY ('0°',15X,'NANG = ',I5,' XDF = ',F8.4) 00000630
RETURN 00000640

END 00000650



XXX TSO FOREGROUND HARDCOPY xx

DSNAME=XRHSC.ANTENNA . FORT (ATROP )

SUBROUTINE ATROP 00000010
cuxuxxuxuxxnxatxuuuuxn!nnunuuuxuu"unluuxxunxnu!xuoooooozo
C SUBROUTINE ATROP : TO PROVIDE THE ROTATION OPERATOR FOR THE 00000030
(of USE IN ANTENNA-INITIAL, IKNITIAL-FENCE 00000040
o SYSTEM, AND VICE VERSA 00000050
(o4 000000660
CXKXXK!XX!!X!X!‘!l!lil!illllillll!x‘ll(l!hllbnﬂli)n-iiilnlillli!llll!!l!ﬂﬂﬂﬂOO?O

IMPLICIT REAL%E (2-H,0-7) 00000080

COMMON Z/INPUTZ, 4 PHA] EETAl,DELTAI.ALF).BET1,CAM] 00000090

COMMON /INPUTS, ALF2,BET2,GAMZ,XTA,YTA,ZTA,XTF,YTF,2ZTF 00000100

COMMON /ANTRQP/ RIA(3,3),RIF(3,3),RFA(Z,3),RAI(3,3),RFI(3,S: 00000110

CALL ANGROP (ALFY,BETI,GAM1,RAI) 300C0120

CALL ANGROP (ALF2,BET2.GAM2,RIF) Lococ13o

CALL TRANSP (RAI,RIA) 00000140

CALL TRANSP (RIF,RFI) 00000150

CALL CROSS (RIA,RFI,RFA). ' 00000160

RETURN 00000170

END 00000180

1GINAL PAGE 1S
%!é POOR QUALITY

3%



Xxx% TS0 FOREGROUND HARDCOPY w»x

DSHAME=XRHSC.ANTENNA. FORT CANGROP
SUBROUTINE ANGROP(A,B,C,T1) 00000010
Exxxxxxxuxxxxlunu;uuxnxxlxxxxxxx;xxxxxxxuxxnxxxxxxxxxxxxxxnxu;unuv;-;:;voooooozo
G0O000030
Cc SUBROUTINE ANGROP : TO DEFINE THE ROTATION OPERATOR FOR 00000040
c THE GEOMETRICAL TRAN:SURMATION 006000050
C 00000060
C X300 263 3 363 XXX IIEHKIHIMK XN MMN NP A AR ANA PN RBENRARR AT U PR AR v as Wk NIENNINNXXXXX00000070
IMPLICIT REALX2 (A-M,0-2) 00000080
DIMENSION T1(3,3) 00000090
SA = DSINCA) 00000100
‘CA = DCOS(A) 00000110
SB = DSIN(B) 00000120
CB = DCOS(B) 00000130
SC = DSIN(C) 00000140
CC = DCOS(C) T ~ 00000150
T1(1,1) = CCxCA-CBXSAXSC . 00000160
T1(1,2) = CCXSA+CBXCAXSC 00000170
T1(1,3) = SCxSB 00000180
T1(2,1) = =-SCXCA-CBXSAXCC 00000190
T1(2,2) = ~SCXSA+CBXCAXCC 00000200
T1(2,3) = CCxSB 00000210
T1(3,1) = SBXSA 00000220
T1(3,2) = ~SBXCA 00000230
T1(3,3) = CB 00000240
RETURN 00000250
END 00000260

9



Xxxx%x TSO FOREGROUND HARDCOPY XXX

DSNAME=XRHSC.ANTENNA . FORT (TRANSP )
SUBROUTINE TRANSP(X,T2) 00000010
C 6363 2636 36 36 36 3 33 3036 2 3t 3¢ 3¢ 3 3 IO 3 3636 36 JE 3€ 7€ 36 6 36 36 93 36 3 30T 3626 33 IEIEMI I NI IOERN MR S5 WX UARXXO0000020
C 00000030
o SUBRGUTINE TRANSP s USING ROTATION OFPERATOR TO GENERATE AN 00000040
C INVERSE MATRIX FOR ANT1-DIRECTIONAL 00000050
o THANSFORMATION 00000060
ol 00000070
Clllll!!!!!!!l!!!!!llillliilylll!lil!illll‘!llllllllillllllllll!ll!!!lxllooooooao
IMPLICIT REALXE (A-H,0-) 00000090
DIMENSION X(3,3),72(3,3) 00000100
T2(1,1)-= X(1,1) 00000110
T2(1,2) = X(2,1}) 00000120
T2(1,3) = xX(3,1) 00000130
T2(2,1) = X(1,2) 00000140
T2(2,2) = X(2,2) 00000150
T2(2,3) = X(3,2) 00000160
T2(3,1) = X(1,3) 00000170
T2(3,2) = X(2,3) 000001380
T2(3,3) = X(3,3) 000001950
RETURN 00000200
END 00000210

40



XXXX TSO FOREGROUND HARDCOPY XXKX
DSNAME=XFHSC . ANTENNA . FORT (CROSS )

SUBROUTINE CROSS(Y,Z,T3) 00000010
(€ 22006 3 36 36 3 33 36 3336 36 363336 3¢ 3 3¢ X X 363 30 36 3 I 36 3 I3 DEIEIEIE NI I I I DI I I 3 I I IIHX MM AN NN X NN XXX 2200000020

¢ 000600030
c SUBROUTINE CROSS : TO PERFORM MATRIX MULTIPLICATION 00000040
C 00000050

€ 3630303 33 M JEIE I I I IE I JE 3K IE I I IE IE I I I IEIE I I 33T I 3 2 30 3 36 D FEDEIEJE I IETE TN JH 3 3 03 M WM H MM H XK KINXNNXX00000060

IMPLICIT REALXEZ (A-H,0-Z) 00000070

DIMENSION Y(3,3),2(3,3),T73(3,3) co0000280
00000090

T3C1,1) = Y(1,1)%Z()1,1)+Y(1,2)%2(2,1)+Y(]1,3)%Z(3,1)

T3¢1,2) = Y(1,1)%2(1,2)+Y(1,2)%2(2,2)+Y(1,3)%Z(3,2) 00000100
T3(1,3) = Y(1,1)0%2(),3)+Y(1,2)%Z(2,3)+Y(1,3)%Z(3,3) 00000110
T3€2,1) = Y(2,1)%2(1,1)4Y(2,2)%2(€2,1)+4Y(2,3)%Z(3,1) 00000120
T3(2,2) = Y(2,1)%2(1,2)+Y(2,2)%2(2,2)+Y(2,3)%Z2(3,2) 00000130
T3€2,3) = Y(2,1)%Z(C1,3)+4Y(2,2)%2(2,3)+Y(2,3)IxZ(3,3) 00000140
T3(3,1) = Y(3,1)%2(1,1)+Y(3,2)%2(2,1)+Y(3,3)%Z(3,1) 00000150
T3(3,2) = Y(3,1)%2(1,2)+Y(3,2)%2(2,2)+Y(3,3)%Z(3,2) 00000160
T3(3,3) = Y(3,1)0ZC1,3)+Y(3,2)%Z(2,3)+Y(3,3)%Z(3,3) 00000170
RETURN 00000130
END 00000190

4]



Xxxx TS0 FOREGROQUND HARDCOPY ¥

DSNAME=XRHSC.ANTENNA . FORT (ROT )
SUBROUTINE ROT(D, EX, EY, EZ,RX,RY,R2Z) 00000010
gllllﬁll!!!lll!!!!!llll’llllllllllllllllllllllllllll‘llll!ll%!!l!!!!!!l!!lo)ggggogg
0
c SUBROUTINE ROT : TO PERFORM ROTATION FROM ONE COORDINATE 00000040
g SYSTEM TO ANOTHER ONE ggggggzo
: 0
CKKXXK!ﬁlliill!llllll!Kl!I!Xl!!Xll!lllll!!!XKK!KXKlllllllllllll.lllll!l!o0000070
IMPLICIT REALXS (A-H,0-2) 00000080
DIMENSION D(3,3) 00000050
RX = D(1,1)%EX+D(2,1)XEY+D(3,]1)%EL 00000100
RY = D(1,2)XEX+D(2,2)%EY+D(3,2)XEZ 00000110
RZ = DC1,3)XEX+D(2, SIXEY+D(3, S)XEZ 00000120
RETURN 00000130
END 00000140
‘ 4 :
i ,,i 4
- r e o i
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CaIniAL PAGE 1S
mouELTyY

s

OF POO

XX%% TSO FOREGROUND MARDCOPY MxxX
DSNAME=XRHSC.ANTENNA . FORT

SUBROUTINE ATXPW

C 000900 3¢ 3 36 DOICR I3 3 306 36 36336 36 36 3 36 36 36 36 36 36 36 6 3 JOIE 3 I I I I I DI IEICHENIE I IM N XN Mo N XN N XXX00000020

c 00000030

C SUBROUTINE ATXPW : TO ROTATE THE PLANE-WAVE INCIDENT ANGLES AND 00000040

[ POLARIZATION ANGLE FROM INTIAL TO FENCE 00000050

(o4 SYSTEM 000G0060

C goooQc7 0

CIEIETE36 36 326 26 3636 36 D30 3F 630 D00 I 303 0¥ 30 36 36 3 46 36 e DUH D06 36 26 D633 30 D DE 36 306 30 0630 30 00 00 36 30 DRI 00 30 06 30 06 D6 DX XNNXO00000L D

IMPLICIT REAL»& (A-H,0-2) 00000050

REAL®8 KIX,KIY,KIZ,KFX,KFY,KFZ,KHX,KHY,KH2 00000100

COMMON 7INPUT2/ ALPHAI,BETAI,DELTAI,ALF1,BET],GAM] 00000110

COMMON 7ANTO/ PIE,SPM,RAD, XK, XLM,PA,PB,PDB 00000120

COMMON /ANTROP/ RIA(3,3),RIF(3,3),RFAC3,3),RAI(3,3),RFICY, I 00000130

COMMON 7/ANTXP1/ KIX,KIY,KIZ,KFX,KFY,KFZ,KHX,KHY,KHZ 00000140
COMMON /7ANTXP2/ HIX,HIY,HIZ 00000150 -
COMMON /ANTXP3/ ALPHA,BETA,SINALP,COSALP,SINBET,COSBET c0000160 -

COMMON /ANTXP4/ SINDEL,COSDEL 00000170

SAYI = DSIN(ALPHAL) 00000180

. CAI = DCOSCALPHAI) ¢oo000190

SBI = DSIN(BETAI) 00000200

CBI = DCOS(BETAI) 00000210

SDI = DSIN(DELTAI) 00000220

CDPI = DCOS(DELTALY) 00000230

KIX = CAIXCBI 00000240

KIY = SAIXCBI 00000250

KIZ = SBl 00000260

CALL ROT(RJIF,KIX,K1Y,KIZ,KFX,KFY,KF2Z) 00000270

BETA = DASINCKFZ) 00000230

ALPHA = DATANZ(KFY,KFX) i 00000290

SINALP = DSINCALPHA) 00000300

COSALP = DCOSCALPHA) 00000%10

SINBET = DSIN(BETA) 00000320

COSBET = DCOS(BETA) 00000330

HIX = CDI¥(-SAI)+SDIX(-CAIXSBI) 00000340

HIY = CDIXCAI+SDIX(-SAIXSBI) 00000350

HIZ = SDIXCBI * - 00000340

CALL ROT(RIF,HIX,HIY,HIZ,HFX,HFY,HFZ) 00000370

SINDEL = HFZ/COSBET 00000380

COSDEL = (MFY+SINDELXSINALPXSINBET)/COSALP 00000390

WRITE (6,20) COSDEL,SINDEL 00000400

20 FORMAT ('0',15X,'COSDEL= ',F8.3,' SINDEL= *',F2.3) 00000410

RETURN 00000620

END 00000430

(ATXPH )
00000010
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¥XXX TSO FOREGROUND HARDCOPY XxxX

DSNAME=XRHSC.ANTENNA . FORT (ATAPER )
SUBROUTINE ATAPER 00000010
SKKX!X!XKKXKKﬁllﬂlilll!!!llx&lll!!l!!l!!!ll!*l!!KKX!!!XKK!X!XKK!!I Anu¥AXGO0000020
00000030
c SUBROUTINE ATAPER : TO SUBDIVIDE THE REFLECTOR APERTURE_INTO 00000040
¢ SMALL DIFFERENTIAL AREAS AND EVALUATE 00000050
c THE COORDINATE, UNIT NORMAL, AND DIFFEREN- 00000060
c TIAL AREA FOR EACK SUBDIVISION AT APERTURE 00000070
c SURFACE 00000080
¢ : 00000090
C 96363 3C 236 36 JEIE 36 36 36 36 3¢ 3 036 26 D 3¢ 3K 9% 36 36 3 D6 96 6 € 36 36 36 36 E D 6 36 JE D6 3¢ D€ D€ D 36 3 FE 6 36 36 26 DI I 36 3 e 2 3 2w 2 2 MHNWUNANDO000100
COMMON /INPUT1/ SIGMAM,SIGMAO,XLI,FR,F 00000110
COMMON /ANTO0/  PIE,SPM,RAD,XK,XLM,PA,PB,PDB 00000120
COMMON ~ANTPAl/ XL(11993),YL(11993),ZL¢11993), INDEX 06000130
COMMON /ANTPA2/ XNI(11993),XNJ(11993),XNK(11993),DSS(11993) 00000140
DIMENSION SZEPR(11993),CZEPR(11993) 00000150
DSIGO = XLMXXLI - 00000160
SIGMAP = SIGMAD 00000170
XMII = (SIGMAM-SIGMAO)/DSIGO+1.0 00000180
IXMIT = XMII 00000190
DSIG = (SIGMAM-SIGMAO)/IXMII 00000200
INDEX = 1 00000210
DO 500 IPB =1,IXMII 00000220
SIGMA = SIGMAP+DSIG 00000230
SIGMR = SIGMA-0.5%XDSIG . 00000240
XMI = 2, 0XPIEXSIGMA/DSIG/4.0+1.0 00000250
JXM = XMI 00000260
IXMI = JXMXG , 00000270
JIXM = 2%JXM 00000280
JJIM = GRIXM 00000290
DZETA = PIE/JJXM 00000300
ZEPR =-PIE/JJJM 00000310
IN = 0 00000320
DO 200 INN=1,JXM 00000330
IN = IN+1 o - 000003640
ZEPR = ZEPR+DZETA . 00000350
SZEPRCIN) =DSIN(ZEPR) 00000360
- CZEPR(IN) =DCOS(ZEPR) 00000370
200 CONTINUE 00000380
IX2 = 2%IXM - 00000390
JXM2 = JXM+1 00000400
NK = 0 00000410
DO 210 IN2=JXM2,JX2 : 00000420
SZEPR(INZ) = SZEPRCIN-NK) 00000430
CZEPRIINT) = ~CZEPRCIN-NK) 00000440
- NK = hK+] , 00000450
210 CONTINUE . 00000460
IN = 0 RS : 00000470
IX3 = IHIXM 00000480
JXM3 = 2%JXM+1 - 00000490
DO 220 IN3 =JXMS,JXS3 00000500
IN = IN+1 00000510
SZEPR(IN3) = -SZEPRCIN) 00000520
- CZEPRC(IN3) = -CZEPRCIN) 00000530
= 220 CONTINUE 00000540
JXG E GXJIXM 00000550
JXMG = 3XJXM+1 00000560



230

300
500

600

NJ =0
DO 230 ING=JXMG,JIXG
SZEPR(ING) = -SZEPR(IN-NJ)
CZEPR(ING) = CZEPR(IN-NJ)
NJ = NJ+]
CONTINUE
DO 300 JPB = 1,JJJIM
XLCINDEX) = SIGMRXSZEPR(JPB)
YLCINDEX) = -SIGMRXCZEPR(JPB)
ZL(INDEX) = 0.0
PAR = DSQRT(SIGMRNNX2+4 , 0XFXx2)
L CINDEX) = XL CINDERS/FaR
NJ( x -
XNKCINDEX) = 2. 0MF/PAR
DS = PIEX(SIGMAXX2-SIGMAPXX2)/IXMI
DSSCINDEX) = DS
INDEX = INDEX+)
CONTIKUE
SIGMAP = SIGMA
CONTINUE
INDEX = INDEX - 1
HRITE (6,600) INDEX
FORMAT('1°*,20X, 'INDEX = ',I10)
RETURN
END

00000570
00000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
000007890
00000790
000003800
00000810
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XX¥X TSO FOREGROUND HARDCOPY X
DSNAME=XRMSC.ANTENNA.FORT

SUBROUTINE ATRAT 00000010
g!lKKlllIlll’ll.Ill!!!!ll!!!l!l!!lXKK!K!!Il!!lK!!lll!lll!%l!!!!!!!!l!l!!!{)0000020
00000030

c SUBROUTINE ATRAT :+ TO TRANSFORM THE POINT IN THE CARTESIAN 00000040
c COORDINATE SYSTEM AT REFLECTOR APERTURE 00000050
C TO THE POINT IN THE SPHEKICAL COORDINATE 00000060
c SYSTEM AT FENCE 00000070
c 00000030
CX§!KKKK!!I!lllllllli!!!!l!lll!!l!!!!XKKX!!KX!X!!!XX!!!X!!KKlllIllllllllﬁ°000090
IMPLICIT REALXS (A-H,0-2) o 00000100
COMMON /INPUTSAALF2,BET2,GAM2;XTA, YT, ZTA, XTF,YYF,ZTF 00000110
COMMON /ANTROP/ RIA(3,3),RIF(3,3),RFA(3,3),RAI(3,3),RFI(S3,3) 00000120
COMMON /ANTPAl/ XLC 11993),YLC 11993),ZLC 11993), INDEX 00000138
COMMON /ANTRAT/ RDPR,ZDPR, THETA 00000140
COMMON /ANTLP1/ LOOP1 00000150

o WRITE (6,10) LOOP) 00000160
10 FORMAT ('0',1X,15) 00000170
TAX = XL(LOOP1) 00000180

TAY = YL(LOOP1) 00000190

TAZ = ZL(L0OOP1) 00000200

CALL ROT(RAI,TAX,TAY,TAZ,TIX,TIY,TI2) 00000210

TIX = TIX+XTA-XTF 00000220

TIY = TIY+YTA-YTF 00000239

TIZ = TIZ+ZTA-ZTF . 00000240

CALL ROT(RIF,TIX,TIY,TIZ,TFX,TFY,TF2) 00000250

RDPR = DSQRT(TFX%X2+TFYX¥%2) 00000260

ZDPR = TFZ ' 00000270
THETA = DATAN2C(TFY,TFX) 00000280
RETURN ! 00000290

END 4 00000300

4



ORIGIMAL PAGE IS
OF POOR QUALITY

XXX TSO FOREGROUND HARDCOPY mxxx
DSNAME=XRHSC.ANTENNA . FORT (ATPL )

SUBROUTINE ATPL 00000010
C RN 0362 36 363 D36 06O 3B 3 D30 D6 DE 36 636 DEDE X 3 36D 236 36 3 336 36 3 D 2E B 36 36 H IEIEJEIEIE X 36 3 DI X I IX XX XXNND 0000020

¢ 00000030
c SUBROUTINE ATPL 1 TO COMPUTE THE PLANE-WAVE G(P) AND G(Q) 00000060
¢ VALUES AS PART OF SOMMERFELD SOLUTION 00000050

00000060

C 3026 36 3.3 D€ DE 30 DE 2 JE 3 3E 36 DE I D I€ 36 I JE 2 2 36 36 DI E I 2E DI D6 38 96 D6 D6 56 20 I D6 % 08 30 D0 36 o 3896 3¢ ¢ 3¢ 0 36 D6 3¢ D6 € 3¢ 3¢ 3 X 3 XA XX0000007 0

IMPLICIT REALX8 (A-H,0-2) 00000080
COMMON /ANTO/ PIE,SPM,RAD, XK, XLM,PA,PB,PDB 00000090
COMMON /ANTXP3/ ALPHA, BETA.SINALP COSALP,SINBET, [, COSBEY 00000100
COMMON /ANTRAT/ RDPR, iﬂPR;THE 00000110
COMMON /ANTPL/ GPR,GPI,GQR,GQI 00000120
DIMENSION GR(Z),GI(Z) 00000130
THOPI = 2.0%PIE 00000140
ARGl = PIE/G.0 00000150
ClR = DCOSCARG1) 00000160
Cll = DSIN(ARG1) 00000170
ARl = (THETA+ALPHA)/2.0 00000180
AR2 = (THETA-ALPHA)/2.0 00000190
Q = -DSQRT(2.0%XKXRDPRXCOSBET)XDCOS(AR1) 00000200
P = ~DSQRT(2.0%XKXRDPRXCOSBET)XDCOSCAR2) 00000210
DO S0 1 = 1,2 00000220
Us=1.0 00000230
IF (-Q LE 0.0) U=0,0 00000240
SGN = ], 00000250
IF (Q. LT 0.0) SGN = ~1.0 00000260
ARG2 = Q¥x2 00000270
AG2TP = ARG2/THOPI 00000280
IAG2TP = AG2TP . . s 00000290
RMD = AG2TP -~ IAG2TP 4 000003500
AG2MD = RMDXTWOPI 4 00000310
C2R = DCOS(AG2MD) 00000320
C2I = ~-DSIN(AG2MD) 00000330
SQPIE = DSQRT(PIE) 00000340
SQPIE2 = DSQRT(PIE/2.0) 00000350
SQ2PIE = DSQRY(2.0%PIE) 0000036C
C3R = SQPIEXUX(C2RXCIR-C2IXC1llI) 00000370
C3I = SQPIEXUX(C2RXC1I+C2IXC1IR) 00000380
CALL ATCS(C,S,ARG2,AGZMD) 00000390
CGR = SQPIE2/2.-SQPIE2X%C 00000400
C4l = SQPIE2/2.-SQPIE2xS 000004610
C5R = SGNX(CZR¥CGR-C2I%C41) 00000420
C51 = SGN¥(C2R*CAT+C2IXC4R) 000006350
GR(I) = CIR+CS5R 00000440
GI(I) = C3I+C51 00000450
Q=P .. 00000460
50 CONTINUVE Loe 00000470
GQR = GR(1) - 00000420
GQI = GI(1) 00000490
GPR = GR(2) 00000500
GPI = GI(2) 00000510
RETURN 00000520
END 00000530
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¥%x% 7SO FOREGROUND HARDCOPY x¥xn
DSNAME=XRHSC.ANTENNA . FORT (ATCS )

SUBROUTINE ATCS(C,S, X, XMD)
IMPLICIT REALX8 (A-H,0-2)
Z=ABS(X)
ZMD=ABS (XMD)
2 IF(Z-4.) 3,3,4
3 C=DSQRT(2)
S=ZnC
L=Zx2
ZMD=ZMD*ZMD
CuCR((((((.50998342E-10uZ~_ 10160729E~7)%2Z+.1160528G4E-5)%2
I -.85224622E-4)%2+ 36538586E-2)XZ~-.079788405)%2+.797388455)
SESH(((((=.667776467E-9u2+ 11225331E-6)%Z-,10525853E~6)%Z
14.60G35371E-3)R2Z- 1899711CE~1)XZ+.26596149)
RETURN
% D=DCOS(ZMD)
S=DSIN(ZMD)
Z=6./72
A=((C(CC((.B7682583E-3%2~.41692894E-2)%2+ . 79709430E-2)%Z~
1.67928011E-2)xZ~.30953412E-3)nZ+.59721508E~2)%Z~.16064281E~4)xZ~
2.024933215)n2-.446440909E-8
B=((C(((~.66339256E-3u2+.36014090E-2)%Z- . 72716901E-2)%Z+
1.76282459E-Z)l2*.60271450E-3)!Z-.931491055-2)‘2-.120799845-5)*2*
2.1994711
Z=DSQRT(Z)
C= . 5+Zx(DXA+SXB)
S=,5+Z%(SXA-DXB)
RETURN
END
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ORIGINAL PAGE IS
OF POOR QUALITY

Xxx% TS50 FOREGROUND HARDCOPY XXX
DSHAME=XPRHSC.ANTENNA . FORT

SUBROUTINE ATCY
Cxxxxxxx!luunuxlul!x!l!xl:!xtu:x:xu:n--ruunu-n-u--n-uu-.---nlnxlxxxxx!xxoooooozo

(ATCY )
00000010

C 00000030
c SUBROUTINE ATCY : TO EVALUATE H-PLANE SOMMERFELD SOLUTION 00000040
¢ 00000050

€33 36 3 26 36 36 2 2626 36 36 3 JE D€ DE 36 36 3 D X 2 0t 0 28 90 3 D 96 3 3 € DEDEE I3 3E 33 I I I3 D DEIEIEPE 2306 3 08 336 30 9 W 0 o w M XEXX00000060
IMPLICIT REALXS (A-M,0-2)

COMMON /INPUTX, ANGA,ANGB,DB,NANG, XDF
COMMON /ANTO/ PIE,SPM,RAD, XK, XLM,PA,PB,PDB 0060000690
COMMON /ANTXP3/ ALPHA,BETA,SINALP,COSALP,SINBET,COSBET 00000100
.COMMON /ANTXP4/ SINDEL,COSDEL 00000110
COMMON 7ANTRAT/ RDPR,ZDPR,THETA 00000120
COMMON 7/ANTPL/ GPR.GPI,GQR,GQI 00000130
COMMON /ANTCY/ FHXR,FHXI,FHYR,FHYI,FHZR,FHZI 00000140
ARG = PIE/G.0 00000150
ClR = DCOS(-ARG) 000001690
Cl1l » DSIN(~ARG) 00000170
ARGS = XK!(RDPR!COSBET-ZDPR!SINBET) 00000180
C5R = DCOS(ARG3)? 00000190
C51 = DSINCARGY) 00000200
C6R = (CSRXCIR-CSINCII)/DSQRT(PIE) 00000210
C6I = (CSRXCII+CSIXCIR)/DSQRT(PIE) 00000220
IF (XDF.EQ.1.0) THEN 00000230
C7TMP = DSQRT(2.0/(XKXRDPRXCOSBET)) 00000240
ELSE 00000250
C?2TMP = 0.0 00000260
IF 00000270
SAH = DSINCALPHA/2.0) 00000280
CAH = DCOS(ALPHA/2.0) 00000290
STH = DSINC(THETA/2.0) 00000300 *
CTH = DCOS(THETAs2.0) 00000310
C71ISC = C7TMPXSAHXCTH 00000320
C71ISS = C7TMPXSAHXSTH 00000330
C7ICS = C7TMPXCAHXSTH 00000340
C71ICC = C7TTMPXCAHXCTH 0000035°
C8R = SINALPX(GPR+GQR) 0000036C
C8I = SINALPX(GPI+GQI)+C7ISC 00000370
HXER = ~( C6RXCBR-C6IXCEI ) 00000380
HXEI = ~( C6RXCBI+C6IXCER ) 00000390
HXE = HXERXX2+HXEIX¥%2 00000400
C9R = COSALPX(GPR-GQR) 00000410
C91 = COSALPX(GPI~GQI)-C7ISS 00000420
HYER = CERXCYR-C61IXCHI 00000430
HYEI = CERXCHI+CELISCOR 00000440
HYE = HYERWNM2+HYEINNQ 00000450
HZER = 0.¢ 00000460
HZEI = 0.0 00000470
HE = DSQRT(HXE+HYE#HZE) 00000480
Cl0R = COSALPX(GPR+GQR)XSINBET 00000490
Cl0I = (COSALPX(GPI+GQI)+C7ICC)%SINBET 00000500
HXHR = -( C6RXCI1O0R~C6IX%C10] ) 00000510
HXHI = =( C6RXC10I+C6IXCIOR ) 00000520
HXH = DSQRT(HXHRXMX2+MXHIXX2) 00000530
Cl1R = SINALPX(GPR-GQR)XSINBET 00000540
Cll] = (SINALPX(GPI-GQI)+C7ICS)XSINBET 00000550
HYHR = ~( C6RXC11R-C6IXCl1lY ) 000005690

00000070
00000080
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HYHI
HYH
C12R
€121
HIMR
HZMT
HZH
FHXR
FHXI
FHYR
FHYI
FHZR
FHZI
RETUR
END

P20 T N T I TR T S NI R PRV ]

50

-( C6RXCI]1I+C6IXCIIR )
DSQRTYCHYHRRXER24HYHIXNZ)
(GPR+GQR)XCOSDET
(GPI+GQI)IXCOSBET
CeRMCI2Z2R-C6INC12]
C6RXC12]+C6IXC12R
DSQRT(HZHRXXZ2+HZHIXX2)
SINDELXHXHR+COSDEL XHXER
SINDELXHXHI+COSDEL ¥HXEI
SINDEL XHYHR+COSDELXHYER
SINDELXHYHI+COSDELXHYEI
SINDELXHZHR+COSDEL XHZER
SINDEL ¥HZHI+COSDEL XH2ZE!

~

00000570
60000580
00000590
00000600
00000610
00000620
00000630
00000640
00000650
00000660
00000670
00000680
00000690
00000700
00008710



XXx% TSO FOREGROUND HARDCOPY ¥

DSNAME=XRHSC,ANTENNA . FORT : (ATRFA )
SUBROUTINE ATRFA 00000010
g!!llll!llI!Ill!l!ll!!Ill!llllllll!lll!lll!lllllKll'IKKKKKKKKK!X!XK!!I&!OOoooozo
00000030
c SUBROUTINE ATRFA : TO ROTATE H-PLANE SOMMERFELD SOLUTION 00000040
g FROM FENCE TO REFLECTOR APERTURE 88000050
000060
€ 262 236 56 36 JEDEJE 36 DE DEIE E D36 3% 36 JE 3€ 3¢ 36 3E 3 3¢ 36 IE IO DE IE I 3¢ DE I DEIEIE I IEIE I IEIE IE 36 JE JE IEIE IEI I 9626 D W B NI MM MMM MUNNXDO000007 0
IMPLICIT REALX8 (A-H,0-2) 00000080
COMMON /ANTROP/ RIA(3,3),RIF(3,3),RFA(3,3),RAI(3,3),RFI(S5.3) 00000090
COMMON Z/ANTCY, FHXR, FHXI, FHYR, FHYI, FHZR, FHZI 06000100
COMMON /ANTRFA/ AHXR,AHXI,AHYR,AHYI,AHMZR,AHZI -~ 00000110
COMMON /ANTRF1/ HXR(11993),HYR(11993),HZR(11993) 00090120
COMMON /ANTRF2/ HX1(11993),HYI(11993),HZI(11993) 00000]) 30
COMMON #/ANTLPl/ LOOP] 00000140
CALL ROT(RFA,FHXR, FHYR, FHZR,AHXR, AHYR, AHZR) 00000150
CALL ROT(RFA,FHXI,FMYI,FHZI,AHXI,AHYI,AHZI) - 00000]6¢C
HXRCLOOP1) = AMXR ~ 00000170
HYR(LOOP1) = AHYR 00000180
HZR(LOOP)) = AHZR 00000190
HXI(LOOP)) = AHMXI 00000200
HYICLOOP1) = AHYI 00000210
HZICLOOP1) = AMZI 00000220
RETURN 00000230

END 00000240

~i
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RIGIMAL PAGE 1S
OF POOR QUALITY

XXX TSG FOREGROUND HARDCOPY XXXk
DSNAME = XRHSC.ANTENNA.FORT (ATCORR )

SUBROUTINE ATCORR

00000010

CMMMINIHMNIMNHNIIIMF RN NV W FUA 0 0% &0 0000 I3 I 36333 IO XA XX XXO0000020

C
c
C
C
C
c
C
C

800

350

SUBROUTINE ATCUKRS Yottt aTE THE CORRELATICN OF THE
POANE-WAVE FUNCYION AND THE INCOMING
DIFPKACTELD CifCTROMAGNETIC FIELD AT
ANVENNA APERTURE, THE TRANGMITTIED
REGION.

IMPLICIT REALX8 (A-H,0-2)

COMMON /INPUTX/ ANGA,ANGB, DB,NANG, XDF

COMMON /ANTO/ PIE,SPM,RAD, XK, XLM,PA,PB,PDB

COMMON /ANTPALl/ XL(11993),YL(11993),ZL(11993), INDEX

COMMON /ANTPA2/ XNI(11993),XNJC(11993),XNK(11993),D55¢11993)

COMMON /ANTRFl/ HXR(11993),HYR(11993),HZR(11993)

COMMON /ANTRF2/ HXI(11993),HYI(11993),HZI(11993)

COMMON /ANTPH1/ HXAR(11993),HXAI(11993),HYAR(119

COMMON 7ANTPW27 HYAI(11993),HZAR(11993),HZAI(119

VOCR = 0.0

VOCI = 0.0

DO 800 I = 1, INDEX

RDNDSS = DSS(I) :

FNR = HXRCI)DXHXARCI) - HXICI)XHXAI(I) + HYRCI)XHYAR(I)
~HYICI)XHYAIC(I) + HZR(IDXHZARCI) - HZICI)IXHZAI(I)

93)
933

1
FNI = HXRCI)IXHXAICI) + HXICI)XHXAR(CI) + HYR(I)XHYAI(I)
2

+HYICI)XHYARCI) +:HZR(I. (AICI) + HZICI)XHZAR(I)
DVOCR = FNR % RDNDSS
DVOCI = FNI % RDNDSS 4§
VOCR = VOCR + DVOCR
VOCI = VOCI + DVOCI
CONTINUE
VOC = DSQRT(VOCRXVOCR + VOCIXVOCI)
VOCL = 20.0%L0G10(VOC)
WRITE (6,850) PB/RAD, VOC,VOCL
FORMAT ('0',20X,*'PB = ',F8.3,' VOC = ',E12.6," votL = ',El12.6)
RETURN
END

00000030
00000040
00000050
00000060
00000070
00000080
00000090

303 36 D63 36 30 I 63 33636 96 36 I 36 JE I I 3 I JE JE 36 JOIEIEIEIEIEIEIEN I H NI NN RIFRHRAUNKANA MU RNy Amu W An®%00000100

00000110
00000120
00C00130
00000140
00000150
00000160
00000170
000001380
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
00000320
00000330
00000340
60000350
00000380
00000370
00000380



XxxXx 7SO FOREGROUND HARDCOPY ¥xx¥

DSNAME=XRHSC.ANTENNA.FORT (ATPWH )
SUBROUTINE ATPKWH 00000010
glxx!!l!!xxX!!!lﬁil!!llkxlll!l!inlx!ll!ll!!l!!ll!!llXK!xxxxxxulllxxllluoooooogo
. 00000030
c SUBROUTINE ATPWH 1 TO EVALUATE THE SHEET-CURRENT AT EVERY 00000040
E POINT ON THE REFLECTOR APERTURE 00000050
00000060
(36 D€ 36 D6 36 36 3 36 3¢ 36 X 36 JE JE 36 3 3€ € X 36 36 JE 2 36 3E 3¢ 3¢ 3E 3K 3 IE JE 3¢ BE 3¢ IEIE IE € I 3E € JE 3 JE 3 I IE I 3 I 6 3€ 3 3¢ JE K 3 I K H X XX HH XX XXD0000070
IMPLICIT REALX8 (A-H,0-2) 60000080
COMMON ZANTO/ PIE,SPM,RAD,XK,XLM,PA,PB,PDB 00000090
COMMON Z/ANTPAl/ XL(11993),YL(€11993),ZL(11993), INDEX 00000100
COMMON Z/ANTPA2/ XNI(11993),XNJ(11993),XNK(11993),D55(11993) 60000110
COMMON /ANTPW1/ HXAR(11993),HXAI(11993),HYAR(11993) 00000120
COMMON /ANTPW2/ HYAI(11993),HZAR(C11993),HZAI(11993) 00000130
CPA = DCOS(PA) 00000140
SPA = DSIN(PA) 00000150
CPB = DCOS(PB) 00000160
SPB = DSINCPB) 00000170
CACB = CPA x CPB 000001380
CASB = CPA % SPB 00000190
SACB = SPA % CPB 00000200
SASB = SPA ¥ SPB 00000210
DO 300 LP= 1,INDEX 00000220
PS = XL(LP)XCACB + YL(LP)XSACB + ZL(LP)XSPB 00000230
PKS = XK ¥ PS . 00000240
CKS ® DCOS(PKS) 00000250
SKS = DSIN(PKS) 00000260
HXAR(LP) = -SPA X CKS 00000270
HYAR(LP) = CPA ¥ CKS 00000230
HZAR(LP) = 0.0 % CKS 00000290
HXAI(LP) = SPA X SKS 00000300
HYAI(LP) = ~-CPA X SKS 00000310
HZAICLP) = 0.0 X SKS 00000320
300 CONTINUE . 00000330
RETURN ° - 00000340
END . 00000350



